We determined the effect of conjugated equine estrogen plus medroxyprogesterone acetate on calcium content of aortic atherosclerotic lesions in oophorectomized adult New Zealand rabbits submitted to a cholesterol rich diet. Five groups of 10 animals each were studied: G1 = control, G2 = cholesterol diet only, G3 = diet plus conjugated equine estrogen (0.625 mg/day); G4 and G5 = diet, conjugated equine estrogen (0.625 mg/day) plus medroxyprogesterone acetate (5 and 10 mg/day, respectively). Mean weight varied from 2.7 ± 0.27 to 3.1 ± 0.20 kg (P = 0.38) between groups at the beginning and 3.1 ± 0.27 to 3.5 ± 0.20 kg (P = 0.35) at the end of the experiment. Cholesterol and triglyceride levels were determined at the time of oophorectomy, 21 days after surgery (time 0), and at the end of follow-up of 90 days. The planimetric method was used to measure plaque and caryometric method for histopathologic examination of the aorta. Calcium content was determined by the method of von Kossa. A similar increase in cholesterol occurred in all treated groups without differences between them at the end of the study. Groups G4 and G5 had smaller areas of atherosclerotic lesions (2.33 ± 2.8 and 2.45 ± 2.1 cm 2 , respectively) than the groups receiving no progestogens (G2: 5.6 ± 4 and G3: 4.6 ± 2.8 cm 2 ; P = 0.02). The relation between lesion area and total aorta area was smaller in groups treated with combined drugs compared to the groups receiving no progesterone (G4: 14.9 ± 13 and G5: 14.2 ± 13.4 vs G2: 35.8 ± 26 and G3: 25 ± 8 cm 2 , respectively; P = 0.017). Oral conjugated equine estrogen (0.625 mg/day) plus medroxyprogesterone acetate (5 or 10 mg/day) provoked a greater reduction in atherosclerotic plaque area and calcium content in treated groups, suggesting a dose-dependent effect. 
Introduction
Menopause, the end of menses in a woman's life, is characterized by the exhaustion of ovarian follicles, resulting in a reduction of sexual steroids (mainly estrogen) and in the occurrence of uncomfortable symptoms and serious diseases, such as osteoporosis and cardiovascular disease (CVD). CVD not only is the major cause of death in industrialized societies but also is an important women's public health problem worldwide, including Brazil (1) (2) (3) .
In experimental studies on animals and in clinical studies on humans, estrogen has been implicated as a protector against CVD; in fact, the risk of CVD is seven times higher in oophorectomized women than in intact women (4) . Randomized clinical studies and a recent analysis (5-9) did not show benefits of hormone replacement therapy after menopause regarding primary and secondary prevention of CVD. This outcome is different from that of observational epidemiologic and animal studies in which estrogen was found to promote inhibition of atherosclerotic plaque (10, 11) .
In humans, few clinical studies have shown secondary prevention benefits. The results of the Heart and Estrogen/Progestin Replacement Study (HERS) (5) and the Effects of Estrogen Replacement on the Progression of Coronary-Artery Atherosclerosis Study (ERA) (7) revealed that the combination of conjugated equine estrogen (CEE) with medroxyprogesterone acetate (MPA) does not reduce the risk of CVD. However, it is important to note that the average age of women included in these studies was more than 62 years, with the subjects already exhibiting a severe degree of atherosclerosis.
In recent research on humans (12), progestrogens did not have a beneficial effect on any study participant when combined to estrogens. Benefit was seen only in the initial stages of the atherogenic process (i.e, in women between 40 and 60 years of age); furthermore, in advanced CVD when complications can occur (i.e, women ≥65 years) estrogen seems to have harmful effects on cardiovascular events.
However, since postmenopausal women with an intact uterus must be treated with a combination of progestagen and estrogen to reduce the risk of hyperplasia and endometrial cancer, one question emerges: might the addition of different progestagens to hormonal replacement therapy with estrogen have harmful effects on the cardiovascular system? Such effects were shown in the arm of the Women's Health Iniciative Study (WHI) (6) in which women were prescribed CEE plus MPA and presented a high risk of CVD and breast cancer; as a result, this arm of the WHI study was stopped.
In the present investigation, we used the same hormonal combination as used in the HERS (5) and WHI (6) studies in order to evaluate the calcium content of atherosclerotic plaques in rabbits.
Material and Methods
Fifty 6-month-old adult female New Zealand white rabbits were used in the study. Mean weight varied from 2.7 ± 0.27 to 3.1 ± 0.20 kg (P = 0.38) between groups at the beginning and 3.1 ± 0.27 to 3.5 ± 0.20 kg (P = 0.35) at the end of the experiment. After 7 days of adaptation to the laboratory, all animals underwent oophorectomy to simulate menopause. On the 21st postoperative day (time 0), all animals were randomly divided into 5 groups: G1 (control), animals fed a normal diet (normal ration); G2, animals fed a cholesterol-rich diet (0.5%); G3, animals fed a cholesterol-rich diet (0.5%) in combination with CEE (0.625 mg/day); G4, animals fed a cholesterol-rich diet (0.5%) and a combination of CEE (0.625 mg/day) plus MPA (5 mg/day); G5, same treatment as G4 (0.625 mg/day CEE) plus MPA (10 mg/day). Hormone administration was accomplished by adding 0.625 mg/day CEE to 20 g of ration before diluting the hormone in a mix of alcohol and water 50% each. The same method was used for addition of MPA (5 and 10 mg/day) to 50 g of ration.
All work was conducted according to accepted regulations of animal experimentation.
The total duration of treatment was 90 days. Serum lipids (total cholesterol and triglycerides) were measured at the time of surgery (time -21), 21 days after surgery (randomization, time 0), and after 90 days of follow-up (time 90). The aortas were dissected, fixed, and stained with Sudan III for microscopic visualization of the lesions, and the percentage of the total area of the aorta occupied by lesions was quantified by computerized planimetric measurements.
The results are reported as percent area of compromised aorta in relation to total aorta area. Three segments of a transverse cut of the thoracic aorta (the first 2 cm) and of the abdominal aorta (first 7 to 12 cm) were embedded in paraffin, cut into 5-µm sections and stained with hematoxylin and eosin. The sections were then examined morphometrically to determine the height of the lesions (either the intimal value or the average) and for histopathological analysis of the intimal and middle layers. To evaluate the presence of calcium, the segments were stained by the method of von Kossa. The relation between the inner and middle layers was also determined.
Group data were compared by the Kruskal-Wallis test. The parameters were measured twice in the same animal and compared using the Wilcoxon signed rank test. Data for the variables for which more than two measures were obtained (at the time of surgery, 21 days after surgery, and after 90 days of follow-up) were analyzed by the non-parametric Friedman test. The level of significance was set at 0.05 for all analyses.
Results
From a total of 50 animals, 47completed the experiment, two rabbits of G4 and one of G5 died during the study, one due to traumatic injury in the cage and two due to infection of the abdominal wound. The basal weight at the beginning of the experiment and the weight gain throughout the study did not differ between groups.
Cholesterol levels
The cholesterol levels of all treated groups differed from control (G1) throughout the 90-day treatment (P < 0.001, Table 1 ). G3 and G4 exhibited the lowest values at the beginning of the experiment before randomization, and were also the groups with the highest increase at the end of the experiment (Table 1) . Furthermore, G1 remained unaffected at time 0 and 90 days; however, all treated groups showed a significant rise in mean cholesterol levels at time 0 and 90 days and this increase was up to 10-13 times the initial levels in G4 and G5 (P < 0.005, Table 1 ).
Triglyceride levels
There was a great variability in triglyceride levels amongst groups at the beginning of the study with a large standard deviation. These values increased when comparing time -21 and time 90, with G4 having the greatest increase ( Table 2) .
Evaluation of aortic lesions
Intense lipid deposition was observed macroscopically in the aortic arch and abdominal and thoracic aortas of G2, G3, G4, and G5, which differed from G1, in which atherosclerotic plaques were not shown. There were no evident macroscopic hypercholesterolemic differences among groups, but marked individual variability was observed. The total area of compromised aor- a 43 and 45% reduction of atherosclerotic plaque was observed in the groups submitted to combined treatment. The relationship between lesion area and total aorta area was smaller for the groups treated with combined drugs compared to the groups receiving no progesterone (G4: 14.9 ± 13 and G5: 14.2 ± 13.4 vs G2: 35.8 ± 26 and G3: 25 ± 8 cm 2 , respectively; P = 0.017).
Calcium content
Calcium deposits were detected by Von Kossa's stain in the inner layer of the thoracic aortas in 100% of animals fed the cholesterol-rich diet compared with 40% in the middle layer. The groups treated with estrogens showed a 60% reduction of calcium content in the inner layer and in those groups treated with estrogen plus progestogen there was an even greater reduction in calcium content when compared to G2, 75% in G4, and 67% in G5 (P < 0.05). The calcium content of the abdominal aorta was greater in G2 and G3 (40 and 50%, respectively). In G4 and G5 the reduction in calcium content was 12.5 and 0%, respectively. In the middle layer of the abdominal aorta, the expression of calcium was even smaller, with a low percentage in G5 and no expression in the other groups (Figure 1 ).
Discussion
The cholesterol-rich diet was sufficient to provoke atherosclerotic lesions in oophorectomized animals after 3 months, a fact already demonstrated in other protocols (13) . Despite the clear relation between the increase in cholesterol and the presence of atherosclerotic plaque, it is important to note that cholesterol levels of the groups treated with CEE (G3) or estrogen associated with progestagens (G4 and G5) were not different at the end of the study. However, the total area of aortic lesion was smaller in G3 than that in G4 and G5; in other words, the results 
Planimetric study
Excluding the control group, no difference in total aorta area was observed among groups. Analysis of atherosclerotic plaques revealed that both groups treated with progestagens (G4 and G5) had smaller areas of atherosclerotic lesions (2.33 ± 2.8 and 2.45 ± 2.1 cm 2 , respectively) than the groups receiving no progestagens (G2: 5.6 ± 4 and G3: 4.6 ± 2.8 cm 2 ; P = 0.02). In other words, The HERS (5) detected a 29% increase in cardiovascular events among users of combined drugs (CEE plus MPA) administered over a long period of time for secondary prevention of CVD in post-menopausal women with an intact uterus, when compared with placebo. The HERS deserves some criticism. First, the women studied were older (average, 63.3 years), a period of time when tromboembolic events are more frequent; second, the control group used statins to a greater extent, and third the doses of steroids prescribed were high. In fact, regarding the steroid doses, it is known that estrogens, depending on the type, dose and method of administration increase high density lipoprotein (14) and reduce low density lipoprotein (15) , while progestagens, depending on the type and dosage, can antagonize the beneficial effects of estrogen.
Our results showing plaque characteristics using a combination of CEE and MPA were similar when compared with their effects on the height of lesions in the middle layer of the aortic thoracic segment in the group treated with the smaller dose of progestagen (G4). It is known that the formation of atherosclerotic plaque is directly linked to cholesterol levels. In the present study, this relation was also expected but, in fact, it did not occur. Possible explanations for this outcome include the antioxidant effects of estrogens and other effects such as alterations in the catabolism of low density lipoprotein (14) , increase in high density lipoprotein (15) , disturbance in the production of nitric oxide (16, 17) and the antiatherogenic effects of estrogens, like those related to cellular proliferation of the neointima (18, 19) .
A recent experiment (20) showed that the combination of CEE and micronized progesterone in a model of hormonal replacement treatment reduced the levels of monocyte chemoattractant factor (MCP-1), which is one of the decisive factors in the formation of plaque. In our study, the addition of a fixed dose of progestagen did not alter the benefit obtained with estrogen alone, suggesting the possibility of the existence of an ideal dose of progestagen that does not limit the protective action of estrogen.
When the lesions induced in the aorta were evaluated by the computerized planimetric technique, it was observed that the lesion area of animals treated with estrogen alone did not decrease, a result differing from those obtained by others in similar experiments (21) (22) (23) . However, the animals treated with progestins at the doses of 5 and 10 mg in combination with estrogens (G4 and G5) showed a significant decrease in atherosclerotic areas. We do not have an explanation for this observation. Additional studies should be conducted to analyze other systems such as the renin-angiotensin system, whose proliferative actions are mediated by AT1 receptors (modulated by estrogen) (24, 25) .
The natural evolution of atherosclerotic plaque involves an increase in calcium, which is the major component of plaque and which is more indicative of old organized plaque. In our study, the evolution of atherosclerotic plaque was reproduced within a short period of time, and the groups treated with MPA showed a surprising reduction in calcium content in the atherosclerotic plaque.
Our data agree with those of clinical studies (26) that evaluated calcium content in the coronary arteries of women and men and observed a significant reduction in women up to 60 years of age, suggesting a possible relation with hormonal steroids.
Another study (27) evaluating by standard computed tomography the calcium content of the coronary arteries of postmenopausal women matched with a control group with the same risk factors for atherosclero-sis, verified that hormone therapy users (independent of the type of hormone used) had a smaller calcium content (14%) than the control group (43.2%) during the first year of treatment.
The inhibition of the atherosclerosis process observed in the present study in rabbits with a combination of estrogens plus progestagens at the dose of 5 mg/day agrees with the results obtained by Spagnoli et al. (13) , who reported inhibition of the atherosclerotic process in the aorta of rabbits with the use of two progestagens (norethisterone and MPA), independently of the deleterious influences on lipid levels. However, it should be emphasized that none of the studies conducted to date have reported a reduction in the calcium content of atherosclerotic plaques with the use of MPA.
The present results allow us to conclude that treatment with estrogens alone in the formulation used in this experiment did not modify the percent of the lesion area in the aorta, although it promoted an increase in the height of the inner layer of the abdominal segment. In contrast, the CEE + MPA combination (5 and 10 mg/day) reduced the lesion area in all aortic segments studied.
The combination of estrogen with a lower progestagen dosage (5 mg/day) promoted a significant decrease in the height of the lesions in the medial layer of the thoracic segment. The calcium content of the thoracic aorta was significantly reduced when progestagen was added to the treatment, in contrast to the increase seen in the abdominal aorta.
The results of our study suggest that the effect of progestagen in the form of MPA may be dose dependent. Small doses in combination with a fixed dose of estrogens (0.625 mg/day) had the most beneficial effect on the aorta. New studies should be conducted with other estrogen combinations and progestagens using different doses and routes of administration to define the limit between protection and cardiovascular risk in the patients for whom hormonal replacement therapy should be indicated.
